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Applicant; (19 } ? 

COMMONWEALTH SCIENTIFIC AND INDUSTRIAIi RESEARCH 
ORC^ANISATION • 



XzKTOXLt;ion Titles j 

SOLVENT EXTRACTION PROCESS FOR SBPARATINC? COBAIiT 
AND/ OR NICKEL FROM IMPURITIES IN LEACH SOLUTIONS 



9 

The invention is described in the following statement; 
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SOi:.VBllT KXTRACrrC^it PROCBSS FOB SBPARA.TING COBAlO? AND/OR 



J 
I 
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OUhe preaent: invention relates to a proaess for separating 
cobalt and/or nicfcel from otl»er elements contain^ Ln. an 
a«zueous solution. micZx as an aqueous leach soluti<i>n, and 
£02: recover ing tlie cobalt and/ or nlclcel where <lei[ilred 

Qfhe m>rld 3au.neral industry Is ejcperlenclng an 
unprecedented Interest in nlc]c;el*' cobalt eactraotiun from 
laterlte ores tbrou^h pressure acid leach (PAli) ^nd 
solvent extraction - electrowinnina (SX-BW) proc^ses. In 
Western Australia, three nickel laterlte plants ^e in 
operation*. These are the Cawse, Bulonsr and Murrifi Murrin 
nickel plants » Xn Hew Caledonia, the Goro proces^ has been 
tested in a larsr^d pilot plant. 3^e PAI« process £pr these 
projects is very similar, however the down streaii 
processes (especially SX> di££er substantially. 

Xn the Slur r in Murrin process, a sulphide pr«»cipij:ation is 
used to separate the nickieX, cobalt , copper and ^inc £roni 
iinpurities such as calcium, maoneaium and ^gau^se, ^ich 
remain in the leach solution. After solids/liquid 
separation, the nickel, cobalt, copper and zinc ire re- 
leached tuider pressure with acid» further solution 
purification is needed to separate nickel and cobalt from 
copper and sine. The cobalt is then separated fr^ nickel 
by solvent estraction with qyanex 273* Xhe nicke|. and 
cobalt are recovered ia/y reduction with hydrogen, j The 
drawbacks o£ the ZSurrin vsoxrin process ares { 

• The separation of manganese froaa cobalt toy su^jphide 
precipitation is incomplete and causes problenls in the 
domstreem processes, | 

• The leaching of sulphides needs high pressure land high 

temperature, indicating high capital and operi^ting 
costs. I 
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Tlie sepmratilon o£ other ifflpiiirit:!^^ 0iioh as 
zinc from nickeX <md cobalt: zjueeda separate 



Xn tilie CawBO process, a hydroxide precipitation used to 
separate tHe i^ritias «uc^ as calc±™, »aa>»sii and 
nang-aneae (partly) • A£ter solids /llczulcL ^eparatxdn, the 
nickel, cobaltir copper, zinc and some manganese 4re re- 
leached with an axnaonlacal solution- Nickel and cropper are 
separated from coballi «md sine hy solvent eactrac4ic>n with 
I>X2:84X. Further solution purification is needed l|o 
separate nickel from copper and cobalt froBv sinc^ «]^e 
nickel is recovered hy electrowinning' while cobailit is 
precipitated as sulphide » Xhe drawbacks of the Cilwsa 



process are» 

• Thio 'use o£ magnesia as precipitation airen-t adc^ cost to 
operation, \ 

• The use of ammoniacal leachingr to separate man^anes< 
from nickel and cobalt resuXts in coxnplexity olc the 
flowsheet and causes serious problems in the djcnmst: 



1 

OSbe reductive stripping of cobalt from orfiranic| 
extractant and the re-'oxiioation of the or?anic| 
extract ant cause organic degradation^ which inj turn 
xresults in crud f oemation, j 
iUmonia is expensive and the scnibbingr azad rec|q>very of 
asooonia are difficult. 

Cobalt product containing zinc is a aettii-prodi:^t, 
indioating revenue loss. 



30 OTm Bulong^ process uses a direct solvent extraction 

ai^roach. Cobalt, copper, sine auid man^ranese are} separated 
from nxckel, calcium and magnesiuA by solvent extraction 
with Cyanex 272 • The nickel in the raffinate is ^separated 
frc»tt calcium and magnesium by solvent extraction! with 

35 Versatic 10 and then electrorwon. flOie solution coijitaining' 
cobalt, cpppeir, sine and manganese is sTib:jected ^o 

sulphide precipitation, solids/liquid separation] and acid 

1 

; 
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presAwe re-leacla to aepar&t:e col^alt:, coppev andjzinc faram 
ma&9axi«ae. •Hie copiper is eXimlnat:^ farcw tli« i6oltit:ion toy 
Ion excbansre and zinc by solvent extraction wltlill^SEHPA. 
«b» cobalt is than recover.a £r«m tb. p«xx£l.d ^lution 
elootrowinxLixtcr* The dxrawbacks of tlio Bulonsr procisa axe: 

• Kaiiffanese is sepairated from cobalt by ^ulpbidej 
precipitation and otber impurities are eca;>arat]ad toy 
different further processes (ion eacolian^e and jfurtbor 

• Cfypsum precipitation occurs in both Cyanex 272i and 
Versatic 10 circuits, 

\ 
\ 

Other processes have been developed to varying* ei^ents for 
th^ direct solvent extraction of nickel and cobalt, 
includinor the Goro process. Such processes suffer from 
varying disadvantages, including s f 

• the need to remove copper from the leach solutlion bef osre 
it enters the extraction circuit, thus reizoirijag a large 
volume of the leach solution to pass through tWo 



• the req[uirement for high acidity <$H BCD «r hi{^ 
temperature 160 ^C} and longer than usual striplp^ing 
(5 minutes) to strip the xxicfcel, oc^lt and aijnc from 
the loaded organic solution, j 

• high cost in recovering and recycling the expejasive 
and further difficulties associated with corrolsivenej 
of the acid, and i 

• the need to regenerate the organic octractant idue to 
degradation of the extract ant in the process. I 

9 
■ 

Other processes can suffer from difficulties in i|»hase 
separation and lack of availability of extractants or 
other agents retired for the process. 
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separating nickel and /or cobalt from j other 



invention to provide an alternative 
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eletaexxt:» l^liat: avoldi^ soma 
Summary o£ t:hm Invwitiioa 



Vila preistioit; 



I 

i 
I 



o£ bhe dlaiidvantaffeB o|f the 



lnv«Lt:ion broadly provldaa a pxrooessj ilor fcha 
o£ nicJceX^ coball: or botzlx £roni uipurl|t;:r 
contained in a laach solul^ion, l^lia procjisa 

thio atap of aubjeetilngr tha laacli aoluidLon to 



attraction using a carbcMKylla acid, a hyfLroxyoKxmm 

and. a IdLnetio accalarator* i 

I 

aolirant axtraction atap daacril>ad abov^ acbiivaa vary 
firood separation of (ooppar, zinc, }nio]cel and co|>alt 
praaant in tslia laach aolution from oalciunt, magnLsium, 
maxuaranaae and oblorida iaiiparity alaaanta wShich »Iy ba 
praaant. Whe kinetic accelerator, aucb oa trilTwfyl 
pboapbata (CTP), anbancaa the at ripping and extraction 
klnatica and thus makes tba process particularlyj 
coattmarcxally viable, | 

Vtim solvent extraction ateqp coinprisas contacting | the leacb 
solution witb an organic solution con^rislng tba 
carbosylic acid, bydroKyoKlme and kinetic accelerator. it 
bas also been found tbat a stabiliser {for tba ! 
bydroxyocKima) eoEibancas tba stability of tba organic 
syateiii. !Chara£ore, according to a preferred embodiment 
tba organic solution furtbar conqprlses a 




I 

AoBoirdiai^ to another pceforred embodiinaiit:, tlio njokel, 
cobalt or both extracted into «ie organic pkaee Quiring the 
Bol-ronb extxraation are recovered from the orjyaai* pliase. 
AS explained in the detailed description below, if both 
cobalt and nlcJcel are present in the orsranic pha^e xn the 
appreciable <piaiitities, they are separated from lach other 
"--ovoa^ed s^arately in the sub8e<zuent treatJiecnt 
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Accoxrding to one axnbo<!Umeint:r tslie ncovoxy dbep ctkoprdLses 
selectilve ^l^r'i.ppi.ngr o£ t;ha orgranic phaaoi to aepaapate tlie 
cobalt £z:on the suLekel^ The c^alt may^ thereafter be 
zrecovered from the loaded a<zueous atrip lxq:uor, ijind. the 
nickel recovered froati the selectively stripped oo^syaxiic 
solutloxi by bulk stripping'. | 



Brief Pesoriptloiri of the Pxrawingg 

The invention will be described in further detallj, with 
reference to the following figures which relate -^o 
esBLbodiments of the invent ion « I 

* 

Fi.9ura X Is a achemafclc f Icm chart o£ tba s-teps 4>f ttra 

* 

process of one embodiment of the invention. \ 

j 

Figure 2 is a more detailed schematic flow chart} of a part 
of the process illustz^ated in Figure 1« 

I 

Figure 3 is a schematic flow chart of a second cM^ibodizBent 
of the invention, which is a variation on the pr^ess 
illustrated, in Figure 2. I 



Figures 4 and 5 are graphs cooKPe^ing extraction pH 
isothems of metals using a comparative eaetraoti^n system 
(Figure 4) and the extraction system of one enabo^iment of 
the invention (Figure 5) - 

• * 

i 

Figure 6 is a graph showing the stripping kinetij;s of 
metals from a loaded organic phase from the extraction 
system of a second embodiment of the invention. \ 

I 
• 
t 
I 

Fisiur« 7 is a sraph showinsr tlio actractioa pH i,)»i>tt]u,»i3 of 
metals from the organic phase of system of Figur^ 6* 
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Aliawlxi^ the 
o phase of 



llOlO 



figure 9 ia 



a crraph showing' fche 
t:ha ogcgrazLic phasa o£ the 



Figure XQ Is a detailed «ch«matlc flow 
«anbodlniient^ o£ the ixrrantlon. 



klxkatios o£ 
o£ Flguri 

1 

pH Isoi^heacna 

of F:|.gura 6 

I 

i 
\ 

t 

\ 



Flguxra 11 Is a graph showing the eactracliloxi klnel:lcs of 
metals froon a leach aolutlon using a ccaa^parisoix i c8:tract:loa 
sy0t:em» 



15 



20 



25 



30 



Figure 12 Is a grapb showing the stringing fclnet:.cs of 
metals from a loaded organic phaae of a co«^parl04>n 
e:Ktraotlon 8y:»t;em. 

Figurw 13 Is a grapb conoarlng ttw stoipplng IdnAtlas of 
cobalt u«inEr two diiifreiifc «cfcxaction syatemB to] teat £or 
cobalt poisoning # | 



Detailed Description of the Invention 



35 



At the core of the present Invention Is a synerg4.st;lc 
Bolveint eactract:lon step which effects extraction | of a 
large proportion of the nickel, cohalt^ capper ajLd zinc 
Into an organic phase (to the extent t^hat these Elements 
are present), with a large propon;:lon of the oal^lim, 
magneslumir manganese and chloride being rejected] to the 
aqtueous phase. The sblirent extraction Is conducted by 
contactslno^ the leach solution with an organic so|.ut;lon 
comprising a cooonblnatlon of carbox^llc acid, a [ 
hardrosorcodme synergist # and a kinetic acceleratoJr. 
Preferably, the organic solution also comprises <|i 
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To avoid aaay dovbl:, t:tiQ saxzLfirular* foms ^a"', ^^am'^jand ^tih.^" 
include t3x& correspondlnsr plural rofareoice xmli^s^ t:lva 
contiexti clearly liaudicafioa otiherwise* Thus, for ^xao^lej' 
^a bydroacaroxliiie synezr^lst:^ lucludM oku» or anore I 



J 



The hydroKyoaclna synergist xs capable ot ixtcreas^^g* th«i pH 

gapt ApHsor bet:vreex3i xsothanns i^or zuLckel and cobajtt. and 

thoA^e for aanaanesa, calcium and magnesium. Thi^ results 

In adveuatageous selectivity of nickel and cobalt | orer the 

Isqpurlties manganese r calcium^ magnesium and ohl<i^rlde. 

» 

4 

^ I 

The pHso value Is the pB at which 50% metal e;B;traj7tion is 
achieved. Thus, ApHso is the difference between jbhe pHso 
values for two metals, or the difference between the pH^o 
values for the same metal under different oonditi.ons. 

Carboaearlic acid j 
Xn the most preferred embodiment of the inventio^^y the 
earboxylic acid is 2 -methyl, 2- ethyl heptanoic aixd 
(commercially available as Versatic 10) or a eat ionic 



similar to 2-methyl, 2--ethyl h^tanoic acid. Cat ionic 
exchange extraotants have hydrogen ions which ar^ 
exchanged with metal ions in the aqpieous solutioj:^* The 
term carbocxylio acid is used in its broadest sen^e to 
refer to any organic carbo^lic acid» CarboKyll^ acids 
have the formula RCOOH, in which R represents an;^ 
optionally substituted aliphatic or aromatic gro^p, or 
cc^DbinationB of these groups, including optional ^.y 
substituted all^l, alkenyl, alkyziyl, aryl, or he|:eroaryX 
groups (and combixueitions thereof) • Preferably R 
represents a relatively bulky group containing a : least 4 
carbon atoms, and preferably between 4 to 18 carbon atoms. 

1 

The term ^alkyl'' used either alone or in a coDipo|Lnd word 
such as ^opjbionally substituted alkyl** or ^optiojially 
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• 

»ttb0t:±t:uead cycloalJcarl'* d«Dot«9 atralyiit cliain i>i«inclio<ai or 
mono- or poly-oyolic all^X, pr£iferal>l3r Cl-30 ^Icjfl. or 
cycloalfcyl, moab preferabX^r C4-X8 alkyl. Kxamples of 
BtiralgZati chain and branohod alJcyl include mcbhyl] «th;y^l, 

m«tli3rlpeneyl, 5 -xiatbyXliaxyl , 4,4-dimet;hylpentyl i,2- 
diiKetlxsrXpentyl, Ir 3-di2iiel:liyXpenbyl, l,Xir2-trijwti:^Xl>ut:yX, 
noByl, X- 2- osr 3 -pr ppyXliei^y 1 , dacsyXr X-, 2-^ 3-] 4-, 5« 
or 6-al:faarXootryX, 2-, 3-, 4- or 5-propyXoci::yX| X-, 2- 

or 3-lnil:yXlie(ptyX^ 2-li«iasyl ^--aiietbyloclsyX and t.he Xiko. 
SxanpXes of cyclic aXlsyX lsa<;Xude cycXolnexyXi. cyc^oh«ptyX, 
cycXooctyX, cyclonorLyX and cycXodecyX and tsba Xi^e. OJlie 
aXl:yX may optslonalXy ba £iubBt;lt:ut:0d by any non-diilel^erxons 
aubsl^l tiMnb • 

In tbis 8paci£icat;lon ""optlonaXXy subatdtiit^d"' nutans tbab 
a srroup jaay or roay not be furiibar subat:lt:uead wl^b one or 
more grroiips seXected front aXkyX, allcanyX, alkyny^, aryX, 
haXo, baXoaXlcyX, baloallconyX> baXoaXkynyX, baXoa|:yX, 
bydroKy^ aXkoxy, alkenyXosiy, aryloWr bonssyloaiy, j 
haXoallcQacyr baXoaXkonyXoscy, baXoaryXoxy, . nitroj^ j 
nit:roalfcyl^ nltroaXkanyX, nlCroaXkyiiyX , nitroaryi, 
x^trobeterocycXyX, amino, aXkyXamlno, dlaX3cyXaial:|i.o, 
aX3«;enyXamino, aXhynyXanlno, aryXaalno^ dlaryXanlsio, 
benstyXamlnor dlbenzyXanlno, ^^cyX, aXkanyXacyX« | 
aXkynyXaoyl, aryXacyX, acyXamlno, diacyXaittlnOr aJsyXoicy, 
aXJcyXsuXpbonyXo^Ky, aryXauXpbanyXoacy, beterocycXyjl, 
beterocyoloacy, bafcarocycXand.no*' baXobeterocycXyll 
aXkyXauXpbeKiyXr aryXsuXpbenyl, carboaXJcoJcy, carb4[>aryloxy, 
aercapto, aX3iyXt:bloin banssyltbio, acyXt:bio and tbi like. 

r 
I 
r 

SuitabXe opttonaX substituents wiXX be cbosacn onj the basis 
tbat tbe carbo3Qrli.o acid bave the desired extrajction 
cbaracterlfitics, and the ambstltuents do not reajst with 
any other component of the mixture under the glv^n 
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Hydaroacyoxijnq 

A ISQ^^OHaroarinie i-s used aa a. syMrtriv-fc wltli tzbe c^trboacarlic 
acid in tlie solvent; extractsion step. A fa^rdrox^Kime ia ^ 
compound containin g an oxlme group and a hYdxrox;yl grovp ^ 
1£>re£orabl3r# t;h.« groups are in an a-poextxon witrlxj respect 
to each, other. Such a-«hydroacyocKii&ed are chelating, 
whereae oxisoes are generally non-^chelatlng • niej ^oxiae'' 
fxtnctional group contains a carbon to oxltrogen dj^uble 
l>ond, with the nitrogen atom heing attached to aia osygen 
atom. Accordingly^ the term oasiacie includee withjln its 
9cope oximaa with a hydroxy gro\ip attached to th^ nitrogen 
I, and oacime ethers, although hydroasine (>C«:n|-OH> is 

The hydroKyoxime may he a C6-C26 hydiiroHyoxime . 
the hydrcNQrcKKime is an aliphatic hydjEroa^oKinie , 
the hydroxyoxime 1b of the Cormala: I 



HO- 



'CH- 



OH 



in which R» and are each selected from an optfLcMaally 
suhstituted, straight chain, braxached or cyclic istlfcyl, 
group containing from 2 to 12 carbon atoms. Pxekerably 
each of R" and li« are unsubstituted alkyl groupsj^ most 
preferably a heptyl oroup. to e«n,ple of such aj ccx»p<^ 
is 5 jrB -die tliyl -7 --hydro3Qr***^-dodecanona cocime (thej active 
component of a commercial agent lilx 63 ) . Thijs hj&a tha 
following etmctures 



HO— *N OH 



A kinetic accelerator is an agent that i 
extraction and/or stripping kinetics of 



H; \S&Koaft\KMcp\eipeci\C$IAO 



J 

the 
Suitable 

i 
« 

r 
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Jcijiofcic acoelerafcors ara th,o&& tOuit; xmprovo the lucfcraofcicwi 
and/or dliipping kinetics of xiicfcol, Bxaucpaes af I kin© tic 
accalox^atojra are tri n-]mt;yl phojspliate (TOP), 2-| 
«t:li3rlhex:aj[iol, isoaecaaol, i.sot:zrxdecatiol and nony^L phenol. 
5 Any xea0ent: tliafc pexr£orm& tlie fimctlon of xjncirea^ing- tlie 
rate of extsractxozi amd stard.pp±ng (preferably of ftdokel) 
way bo used as the kinetic accelerator* •PBF is the 
preferred kinetic accelerator. j 

V 

} 

10 Stabiliser 1 

tmder some conditiootf^ the reagent ndxtizre of caij^baxyiic 
acid and hydrowyoxime may be susceptible to de^xitdatlon, 
particularly with respect to the hydrc:»cyoxi3iie cool^Kxaent. 
Accoxdinaly, a suitable stabilizer may advantaffej>usly be 
used to olow any degradation reaction. Degradation may 
take place via a number of mechanisms, including^ oxidation 
and hydrolysis, Aence the stabilizer is euitabl:^ one that 
mitigates agaixiat oadLdation and/or hydrolysis of 1 the 
hydroxyojcime. Such atabilsers include, but are nit limited 
to, esters (e.g, TXIB) , ethers, ketones, alcoholi <»-g» 
isodecanol, TDlk> and alkylphenola (e.g. nonylphe^iol , 
dodeoylphenol, BHT, Icaiol) . I>ref erably the stabjliaer is 
an anti-o(scldattt. of these, we have found the alfcS^lphenol 
anti-oxidanta to be particular useful- •The term I 
^aUqrlphenoX" encompasses all alkyl dejrivat±v«a j>£ phenol, 
and in parfcxculaz: Pilose derivatives with one or ^re 
straight; chain, toranohed or ^syclie alkyl substitients . 
^The allcylphenol 2,6-bl»{l,l-.dinsthyletlvl)-4-inetl|iyl phenol 
(commercially available as BHT and Zonol) ox rea^^ents wLfeh 
similar anti -oxidant: characteristics to 2,6-bis<i,l~ 
dimethyletharl)-4-niethyl phenol are partlculaxly Jseful. 

I 

Iioach so lution ; 
*■ — « 



The leach solution subjected to the ^ynercristic ^olvent 
extraction with carboaarlic acid, hydrocKvoxine kiiUfcic 
acceleration and, o»tio«ially, a stabilizer may bi any type 
of leach solufcioiA containing nicfeel amd/or cobalt. 



■9 
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t;ogat:lx&r wltli lurpurlt^y eleinen1:B csalect:ed firom oa^ oir more 
of eaXcium, maanesiim, manganede «uad chloride, oi^tiloEtally 
together witih copper axid ssizic. ^Clx© iMch €oluiiid>n may for 
i&Btance be a pregnant: leacix soXulsxon ol>tained f^^oni tlie 
pressure acid leacl&lng of any suitable ore tsype, l&uch as a 
lal;erlte or aulpliide ore. It may alfcoxxiatively a 
solution from bdo-leaeb, atanospherio acid leach, loxidatil've 



Xeaobr reductive leacb or chloride leach prooaoB^s. *ihe 
st:^8 Involved In producing euch leach ciolutilons • ax-e well 
10 known In the art.. . j 

IShm leach »olut:lcm Is preferabl^r a solution that j has been 
subjected to a prel i mi n ary Iron precipitation at^p to 
precipitate out Iron and aluminium to leave an a<|[ueous 
15 leach solution conta in i n g the target elements an4 Imcpurlty 



I 
1 

Syneargigtlo solvent eactractlon conditions | 
The solvent eactractlon step Involves contacting ^in organic 
solvent containing the carbos^llc acid, hydroxyo^dbna, 
kinetic accelerator and optionally stabilizer with the 

suitable organic solvent known In the art- Rerojkene Is 
the moet common solvent/diluent ueed for this pu:{:pose due 
to its low cost and availability. Shellsol 2046] is one 

j 



I 

The amount of carboa^lic acid and hydrocKyoxlme (4nd other 

• « 

components) In the organic solution used in the Solvent 
30 extraction step will depend on the concentration j of the 
nickel, cobalt or both to be extracted and the A^o 
(aq^ieous/organic} flow rate ratio. The cone entxra4 ion would 
typically be in the range of from 0.1 to 2-0 M f|>r 
carboKylic acid, with a preferred range of 0.1 t|i 1«0M, 
35 and 0.05 to 1^0 H for hydroxyoxime . The range oje kiuetlc 
accelerator will typically be in the range of O.^ to 5 M, 
with a preferred range of 0.1 to 1-0 M. The amo^t of 

I 
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«t;«bill2;«r may be In th« reua^e o£ £roaa 0 to 0.x l|, 
tn^xcaXly 0.005 tso 0.1 BS. | 

Frefarably, tko pH of t:lui s^cjaeous plxasa i» wtainfcijliiad in & 
r^wsro from 5.0 to 6.5 euod moire pxreferably 5.S tso|6.0 in 
the extracticm step. TOte temperature is prefeiraJily 
aaaintuzLed in the ramoe of from 10°C to 60°C^ mori 
preferatoly from 20 to 40*=C. Whilst toansperetures jas low as 
XQ*C are achievable, a tenperatixre lomr than 15°fc results 
in high viscosity* At temperatures higher than ^O^'C there 

is a risk of evaporation and degradation of the 47ganio 

\ 

1 
{ 

TOxe a^eoue to organic ratio <A/o> in the eactraciion step 
is laost preferahly lil, hut may lie in the range I from 10:1 
to 1*10, and preferal>ly 1»5 to 5:1. The a<iueous|to 
organic ratio xoaintained in the scrufaibing step m^Y lie 
within the range of from 1:5 to 1:200, but prefei^ably it 
is in the range of ls5 to 1x20* j 

i 

The nickel and/or cobalt extracted into the loaded organic 
phase in the synergistic solvent ecKtraotion is recovered 
in downstream processing stages « 



25 B crubbi ng 

ffihe organic phase from the synergistic eactraotloA step of 
the invention is suitably subjected to scrubbing] The 
scrub solution may suitably be a process stream ^^cycled 
frcaa the process, ajad is preferably derived from] an 
agueous stream of a stripping stage (which may b^» a 
selective stripping stage) following the scrubbiig stage, 
The scrub solution suitably contains cobalt and idlnc 
sulphate, optionally with some nickel and copper | 

J 

Reoovery o£ nickel, co balt: or bolJt from scrolxbad | r.1-rT»>,^ « 

1 

J 

j 

R:\aiAMaa\KMp\S)^«i\CaZ»> . PS'J73!i - Mi Ca.doc 39/10/01 
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^ere are a nunibar of Qptiona oaviaaged €or tJic l^acovecty 
of nickel, cobalt or botlx froon tiie Bcarui>bed organic 
solution. Tvro options Having particular advantages in 
combination with tlie synergistic solvent eactractlon stage 
5 of tbe invention are described below. Never tbe lis s^r it is 
noted tbat otiier options witbin the skill and knimledge o£ 
tbose in tbe art could be used in place of tbo following, 
and are witbxn tbe scope of tbe present invantioiL. 

I 

10 Option Ix Selective stripping 

According to one embodiment, tbe organic pbase L\t 
subjected to selective stripping to separate to f 
significant eactent tbe nickel and tbe cobalt, o^e 
selective strip suitably involves contacting tbej organic 
pbase from tbe synergistic extraction witb an acfdic 
a<^eous solution to yield (a) a loaded strip ligAior 
containing cobalt (and zinc, if tbis wes present] in tbe 
organic pbase from tbe synergistic extraction), ind only a 
small amount of nickel (and possibly copper), anl (b) a 
selectively stripped organic solution containing 
(and copper, if tbis was present in tbe organic pbase fr^ 
tbe synergistic extraction) and only a small amount of 
cobalt (and possibly seine) * 



OOxe acidic aczueous solution for tbe selective stjcip is 
suitably sulphuric acid solution, altbougb otberi aq:ueous 
acid solutions known in tbe art (sucb as bydrocbp.oric) amy 
be used, ^tbe pH of tbe acidic a<xueous solution ^s 
suitably in tbe range of about 3^0 to 4,0, depei^ing on 
tbe level of separation desired* Host preferablj^, tbe pH 

is about 3.5* f 

J 
t 

I 

Wbe combination of tbe described synergistic extraction 
witb tbe selective strip of cobalt from nickel iL a very 
35 useful combination, ened>llng tbe recovery of nickel and 

cobalt using only one solvent extraction clrouiti (althougb 
more tban one circuit could be used if so dssirJ^ witb 



t 
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J 
I 

<«<4>odlm«nt 
solvent: 



o£ tlia invent:! on, the process covipxlses slxi^la 
eacbraobacxa. olx-cult* 



I 

! 
I 



Various options are envlsaffea for th6 reccyrery ol^ nlckiel, 

cobalt pr both folXowingr the selective atrlppinorj. 

I 

ft 

10 Cobalt I 

OTko loaded strip liquor containing cobalt (and p^ssiblv 
zinc) macy be subjected to cobalt precipitation u^dLncr « 
base or sulphide* The product of this step is a I mixed 
hydroxide product: (HHP) pr mixed sulphide produc|: (USP> . 

15 Cobalt precipitation is a knovm and c<:mnaerciallyj used 

process step in the minerals industxy^ and therejfore the 

details of this step recxulre no further discussion here. 

* 

I 

Alternatively^ the loaded strip licauor may be re^^overed as 
pure cobalt productSj< optionally preceded Jby copper/zinc 
and/or nickel ion excbanae^ | 

VOm stripped organic solution from the selective] stripping 
step contains nickel {and possibly copper} - Xf ctspper is 
present, nickel is separated from the copper usiiig any 
suitable process known in the art. The following is a 
description of one preferred series of steps forj 



■t 



The organic solution from the selective stripplx^r step 
<i»hich is optionally scrubbed) is subjected to stripping 
with an a^eous acid solution of a suitable pH tp separate 
the nickel into the aq;ueous phase with only a sn^H amount 
of the copper. «ifhis loaded strip liqpior may the^ be 
subjected to ion exchange to remove copper, witl^ the 
nickel report iaig to the eluate. TOie eluate contjskining 
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i3fii^U2ri.t;ie8 may- tiben !>e reoovj»red by 
suchi as alactrowliuiiiig. Delijiils of 
elactrowriimiKisr stages are wall known 



Frooess streams from tbo above stagoB are suxtabiy 
roeycled to mindUnis© loss of vaXuabXe elements a4d 
Biaxlinlse process ef£xo£ency» Th& ox>tional scrta^iiiig of 
tte organic solution from tba seXectivs strlpplnj^ stage 
suitably involves tJie use of tbe nickel <and cop|ier) 
containing aqueous solution (eg sulpbate solutioL front 
the subseouent stripping stage. Tbe stripping of j nickel 
from fcba organic solution may be ccmducted witb tbe nickel 
spent electrolyte from tbe nickel electrovinningj step, 
mbidi contains acid (typically sulpburic acid) a|&d a 
relatively iow concentration of nickeX. a!<hen tb^ stripped 
organic solution containing smaXX amounts of nicjceX {and 
copper) from tbis second stage of stripping may jp& 
recycled to tbe extraction stage to minimise loss of 
liicfceX. Finally^ the nickel spent electrolyte c|ui be 
recyaXed to the nickel stripping stage. 

Recovery of nickeX and cobalt from purified leacU 
solutions by elect rowinning, precipitation or anj^ 
appropriate process, is best performed after the] metals 
have been concentrated to an appropriate level (^ften of 
the order of 6Qq/Tm} . oOae process described abov^ is 
suitable for concentrating the nickel and cobalt [to these 
Xevels. ?phis compares with the typical concentr^ticms in 
originating leach solutions, such as a Xaterite ieach 
solution, of around 1.0 - 4,0g/L nickel and O^X t O.A^/Xm 



Option 2: Second SX circ uit with organophosphinil acid 
35 After scrubbing, the scrubbed organic solution cjn be 
completely stripped to obtain (a) a loaded strip 
containing nickel and cobalt (and copper and xjjsL 



^ " w. Co. doc- 3S/*.oyo4 
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TOie loaded ^trip liczuoi: tlius o3^t:axII«ld can ba aiib:|ocl:©d to 
organopbosphinlc acid aolveat: extraction, using 4 suitable 
oraax&Qpliosphinic acid sucb as Cyanex 272. TOiis ixtxaction 
staye, and the identity of or^ancrpliospbinic acids aire as 
described in co<-pendinsr ax^licatlcn FCT/AUQX/^Oll^l, the 
full disclosure of wblab is incorporated Herein liy 



organic 



Xn tbe case of tbe use of cyanex 272, tbe loaded 
solution from the Cyanax exisraction step containi cobalt 
(and zinc and copper, to tbo eactent tbey are pre^isnt> and 
only a sinall axtiount of nickel- The loaded CyaneJ orsyanic 
solution is scrubbed, and tbe scrubbsd ori^anic s«jlution 
containing^ cobalt (cos^r auod zinc> is subjected |to 
strippinar witli sulphuric acid at an appropriate Jh. mie 
loaded strip litjuor containing cobalt (copper an4 sine) is 
subjected to ion exobangra to rsonove copper and zinc 

Th© eluate containing only cobalt can ttben be 
subjected to electrowinninQr, bydrogan roduction <lr 
precipitation, as desired, to recover tbe cobalt] 



20 present 



a<zueotts raffinate from tbe Qyanex extraction | stags 
containing nickel may be subjected to electrowiniing, 
bydrogen reduction or precipitation to reooror ti|ie nickel 



30 



Details of preferred features 
particularly tbe recycling of process 
explained belovr with reference to tbe 



regarding tbis option, and 
streams, w4ll be 



Other process details 



35 TbL0 

may be c 



ic extraction step of tbe 
with different 
for tbe 



present isivention 
preliminary and fallowing 
processes suitable 
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for t2i0 xeccnrery of (copper, sine ,} cobalt: ud/or 
whott di£feraat impurity eXements nay l>e j;n:^smixt. I 



10 



15 



20 



It will ba well uxid^rstood to pearsDns skilled in! the art 
of the invention tliat ecrubblnsr sta0«3 of tli^ tyj^a well 
knovm in the art may be umd for recovering* elements even 
if the scrubbing^ ttta^as are not specifically ineniioned. 
Mio design of the optimuai arrangeioent of scnibbiA^ staaei» 
will depend on tbe specific aqaeouis leach solution and the 
elemants desired to be recovered therefroan (and ^a^fl^^t 



0} • 



It is aleo an advantage of the present Invention j that 
(copper, zinc, ) cobalt and/ or nickel can be sepa;^ated from 
laapuritiee contained in leach solutions without 5 
intexnediate precipitation of the cobalt and/or j^clcel 
with other impiirity elements and re-leaching of 
precipitate to snb8eq[aently enable the rwoval oj^ the 
impurities. Ofhus, in a preferred enbodiaent of t^e 
invention, the process does not include a precipitation 
fltep involving precipitation out of the target e:|.eiaents 
and re-leaohing of the precipitate. 



30 



35 



25 33xe present invention will now be described in farther 
detail with reference to the following exasqpleo 4nd 
procese flowcharts which demonstrate the underlying theory 
behind the invention, and how the invention is i>6.t into 



I 



Smmgle^l - Kxtraction pH isotheraus of metals wijih 
Versatic 10 / i,xxe3 synergistic system. 



This cwantple illustrates 
the eai;tractanti with no 
of the ^valuable'' 



that when Versatic 10 i^i used as 
added synergist, the pK ijrotherafts 

Sin, Wi, and Co are toi close to 

H>\sbia<»>aSMap\Sinei\CSIM> - »S373lj - Kl. co.dkio a»yio/a4 
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tlie isotlittrma? of tlte «i2i««irifcy" elemwata Mm, Ca iuu3 »^ for 
eC£ect:lve s«ipaxatzlon. However When a 0ynergli9t:±i; ayBCam 
conKpriflincr Versafcic? 10 and tnc C3 Is uaod, tihe l^olsbarms 
of fcha ^^valuable'' <ileinent:s Cu^ SSu, Ni, and Co ar4 
sufficiently separated from fcl»© iBothomis of mx po allow 
effective separation. Furtlier, tbe iBothei^iii of )|ln, Ca and 
Mar to allow effective separation. 

OTlie aiiueoixs solution ims a syntlietic solution toj sinmlate 
a troical laterite leacbt solution containing 3 a^^L jjii, 
g/l# Co, 0.2 g/l, Ca and Zn, 2 g/l. Mn, 10 g/Xi Hg aiad 0»5 g/l» 

I 

1 

Mie metal extraction pS isotherros MT±t:ix the 0,5 ujversatic 
10 (aarboxylic acid) aloxte were determined and plotted, as 
shown in Fig. 4. me aaetal eattraction pK isotherms using 
tlie csombination of 0.5 H Versatic 10 and 0.35 M ilX63 
(hydroxyojcime) rare also detemuLned and plotted in Figure 
5, Cotsiparison of tlae two figures reveals t2xat tie 
conibination of I.XZ63 witlx Versatic 10 resulted iji 
significant synergistic extraction isotherm shifts (to 
lower pH) for nickel, cobalt, copper, zinc, and iumganese 
aiua antagonistic shifts (to higher pH> for calciim and 
itiagnesium. As shown in Figure 5, with the 0,5 33 Versatic 
10 / 0-35 XmX^S3 system, the APHsi^ values of nickel/ cobalt, 
copper, zinc, and xiaanganese were found to he 2«.7^, 3»50, 
>2.0j. 1.99 and 1.17 pK uztits, respectively. The ivpH5otJto-Mi> 
value for the 0,5 M versatic 10 / 0.35 M 1*1X63 system was 
found to be 1.06 pH units and the ApHsoiito-co) valu^ 2.53 pH 
units. Indicating easy separation of nickel and ^obalt 
from manganese, calcium and magnesium,. 



I 

I 

\ 



with Versatic 10 / iiXXSB 



This example 



illustrates that when the 
Versatic 10 and 53 is 



synergist|.c system 
used, Cu, c6, Zn and 



> Hi CO. doe as/ 10/04 
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Mil dlsrplay fa^t extxractdoai kinetics, wlilXe t;Ii« ektraction 
3c:in«bic0 for Ni eizre »lcw. Bence tlii* aystera, wlLhout 
niodificationr is witablo foar Cu, Co, 2zi ajod Ma fecwery 
but: not particularly sultod for Ni racoveiry^ 



30 



-Iteot» vara conducted to ©stablisb the extraction] kinetics 
of the natalB in the eynthetic laterlte aolutloz^ uslncr 
Versatic 10/Iiix63- a?he result* are illustrated jia Figuxe 
11. She extraction kinetics of copper, cobalt ajad zinc 
and xaangranese were found to be fast and the extraction 
kinetics of nickel were found to be relatiirely skew. 
Within 30 seconds, only 54*e9fc Ni ms extracted within 
10 minutes B5*(5;%» 



I 
1 



JBxagiple 3 - Stripp: 
ayneralstlo Systran 



r 



■MlIs e^caaqple illustrates that when the synerfflstjtc system 
eomprisinsr Versatio lO and ilX 63 Is izsed, Cu, c|>, Za and 
Mh display fast stripping kinetics, VThile the stjrlppin» 
kinetics for Ifirl are slow* Hence this system la ' 
potentially suitable for Cu, Co, Zn and Mn recovery when 
the leach solution contains little wi, { 

TeotB wvr« conducted to d«t:ezaina bha stripping Itinetles 
of tho n»tal» £rcnft thm 0.5 M Veraatlc 10 / 0.35 M LIX63 
wystem. The results are llliistr&t»e[ an Figure 2^. Tha 
stripping kinetics of ccqpper, cobalt and zinc we|ce fa»t. 
•She Btrlpplnsr fclnotlca of nlcJcel were slow, witl^ 17.79^ ui 
stripped in 2 aHmites and 31.8% la 5 minutes. Injpxoveaants 
in tlae strlppiaa kinetics are denenstrated l>elow| (Exa^le 
5) when tbe kinetic accelerator TBP is used in c^imbination 
wltJi tbe carlKXKylic acid and hydroxytncime . 

^^^"^^^^ ± " Stripping of cobalt from LXX63 aloi 
Versatic 10 / I.XX63 systems. 



i 

r 

1 

J 
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Cobalt {ID aan poison hartooKyoxime roaaants sucb as 1.1X63. 
This ueaiiB that onoo cobalt (XX) is extractedl by 
hararowyoxime reajreats, it cannot b» strippwi wit^i 
coQcnntratod acids because it oxidises to cobaltTxii) . 
Tests were conducted to see Aether tbe new system ^sults 
in cobalt poisoning-. 

Parallel tests were conducted with 0.35 M 1,1X63 ^Llone and 
0,S M Versatic 10 / 0.35 M KiXXSS systenui by aixiiL the 
oxffajiia solutions with aqueous solution containilg cobalt 
The org-anic and aqueous solutions were left in clntact 
with alx bubblina for 76 hours. Thereafter, a 4lPhuric 
acid solution of 100 g/l sulphuric acid was used jto strip 
cobalt from the orcrania solution. The results oi the 
tests are illustrated in Figure 13. The cobalt a trippinsr 
efficiency from the 0.35 H I.XX63 alone systen wai only 
29.2%. Vho cobalt stripping efficiency for the 0.5 M 
Versatic 10 / 6.3S M 1,1X63 system was 99. S%. Vh± 

indicates that cobalt (XI) does not poisoii the Veajsatic 10 
/ X»XX63 system. 



J 

^ - Stripping kinetics with Versatic 10 i 1.1X63 / 



25 This example illustrates that the inclusion of a kinetic 
accelerator in thi« extraction system ovwrooaos ^ slow 
nickel extraction kinetics. 



30 



35 



Bxaniple 3 was r^ated with the O.S H Versatic ID, 0.35 M 
M3C63 and 0.5H TBP system. The strippinff results^ are 
illustrated in Figure 6. Tn 2 minutes, whereas l=«nple 3 
resulted in stripping of only 17.7% of xiiekel, this 
Increased to 91.3% ^«n the extract ant system included a 
kinetic accelerator TBP. Moreover, as demonstratJd in 
B»«»»le 6, the addition of TBP to the Versatic id / LIX63 
system bad no adverse effect on the selectivity i nickel 
and cobalt over manganese. The tests were r^eat^ using 

« 
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XGSult:s vrere achierrad. 



SSaSEiS-^ - KKtraction pH isotherms wltji Vwtotijs 10 / 
XiXa:63 / klnetlo acceleirator 



VhLs o3Eiui5»le dllusfcrates tJiat the addition of thji kinetic 

does not aaveraaly impaot on tha abljLity o£ 
to eacbraot nickel and cobalt txxm man^aneee. 



the system 



JUL, Co, 
were - 



The extraction pu Isothezms wave detexmined £oxr ihe 
Vex-satic 10 / 1.1X63 / tbe» system and these are showa in 
Fiaure 7. ^ihe additioca oC XBP to the Versatlc lOj / i.ix63 
system resulted in large antagonistic shifts £or: 
Za and Mn. The ApH»„ shifts for Mi, co, zn and tin 

-1.71, -1.35 and -1.28, respectively. Howefer, the 
Apasoon-ni,) and AffHso(Ma.-coy values were still gz:eate]| than 2 ^ 
units. "Chis indicates that the addition of VBP t^ the 
Vereatic 10 / 1.1X63 system had no adverse effect | on the 
selectivity of nioJeel and cobalt over manganese . I la 
addition, the cobalt pH Isotherm was shifted at Ihe right 
of nickel, making the selective stripoping of c(^4lt 



25 Sacample 7 - 



SKtractioa kinetics with Versatic 10 



I 

T 

I 



c accelerator syst'^ 



/ Z^£K63 / 



This exana^le illustrates the fast extraction kinetics of 
the three - ooniponent systeon. | 



m»e extraction kinetics of the metals in the synihetio 
later! te leach solution using the O.S H Versatic;' lo / 0.35 
M 1,1X63 / 0.5 M TBF syeUmi vere determined and g:^aphed in 
Figure 8. As shown, the eactraction kinetics of H^, co, Cu, 
zn and Hn were fast . Within 2 minutes, the nickel 
extraction reached S5.2%, which was fast enough |or 
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treats were conducted tc detemine the pa reixulrejl to Btrip 

the metalsi from ttie loaded organic systezits, wTn j jfcjbe 

results are denionstreted in. Figure 9 . At pH 3 . 50 

than 94% Co nnd only 3.6% nl could be stripped, 

that cobalt can be separated £rom nickel by eelebtive 

efcrlppinu. Ofcerefore, it was determined that onlir one sx 

circuit is reoaired to separate nickel and cobalt from Mn, 

C« and Hg and also to separate nickel and cobaltj fraB each 
other. I 
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SSSaEl®-^ - Process for separation i 
and nickel from leach solution. 

; 

1 

Based on the above findings, a new dsx process f Itowsheet 
was formulated. The flowsheet is shown in Figuris 1 and 
2 . By using the Versatic lO / I,XX63 synergistic system, a 
kinetic accelerator, tbp, a stabiliser, Xonol a 
selective stripping strategy, three goals are achieved in 
one SX circuit I the separation of nickel and cobalt from 
manganese, magnesium, calcium and chloride, the Reparation 
of cobalt from nickel and the concentration of cobalt and 

■ 

i 
4 

{ 

I 
1 

A» Bliom. in Figure a nickel ana cobalt 
sucli as & latorlte oarw. Is siibjvctea to 
leaching in accordance wi«i standard 



35 



TIio leacli solu-kion la mibjl 
llxoestone atpH4.5 -5,0 
Po<iii>, JRI, Si and Cr- 



to neutra 
pracipittatc 



lisatio^ with. 
ljttsmx±t:^ «1 amenta 



If: \Sii>sonB\|Ceep\Spaei.\CSXSO - 

'■ 
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Synerffi. 31:1c solvent; «xt.ract:xozi (BX) 

Mio synergridtlc solvent extraction ana following] atag^ea 
ar* raprosmted 2>rxe£ly in Figure 1, and are escp inded upon 
in Figrare 2. Tlie pregnant leacli solution {PZ.S) :rom tha 
neutraliaation or iron procipitation jstap is oui>gectod to 
the sytiergistic oolvent extraction (SZ) step. xL this 
dtep on organio solution of a carboxy^lic acid <Versatic 10 
acid) atnd a bardrocBaroKinte (5^ B-di^tliyl'-V^hydroai^-e- 
dodecanone dKine - (I1ZX&3)}, a stabilizer (2, C-bf 1- 
di]net]i3rletli3rl)-4»iiiethyl phenol, zonol) and a kinetic 
acceleratorr tritoutyl phosphate (TBP) , in or^anife diluent 
^ellsol 2046 is contacted with the PLS to obtaiii (a) an 
aoueous raffiziAte containing aluost all the inanginese, 
magneesium, oalciuu and chloride and (b) a load 
solution containing alanoat all the nickel, cobal^, copper, 
zinc and a very snail anount of manganese, 

ScruU>ing ( SCI ) 

l?he organic solution from the esctraction step is 
to scrub[bing 1 using a cobalt and sine sulphate Solution 
containing a small amount of nickel axid copper f |:oni the 
next step# stripping 1, r-esulting in (a) a scm 
organic solution containing nickel, copper, cobajLt and 
zinc and (b) a loaded scrub lic^uor containing »ainly 
manganese, and small amounts of cobalt, sine nickel and 
copper, which is recycled to the aactraction stepl 



I 

t 
» 

I 

! 



Selective stripping (S^M) 

*he scrubbed organic solution is sul>j|ected to st|:ippin9 1 
(selective strip) using a sulphuric acid solutioja, 
resulting ±n (a) a loaded strip litatuor containinij cobalt 
and zinc and a small amount of nickel and copper| and (b) a 
stripped organic solution containing mainly nickel and 
copper and a very small amount of cobalt and zin|;» 



Scrubbing ( BC2 ) 



lt»\SiiPeona\K««p\9pKi\C8Z]|o - PS373i - wi Co, doc 8v/ia/04 
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Tkxm oxrganic solutijLcm fzrom stripping X is subjected to 
»crtibb±nsr 2 usxnjr a. nickel azxd Qoppw sulphate »j>luti<m 
frcsm tlw next step, stripping 2, resulting in (a|> a 
scruW»a org^c solution containing nickel and jsopper and 
{b) a loaded scrub li<iaor containing cobalt, z±X3^ and somo 
nickel and copper wa»leh is recycled to the extraction 
step • I 



Stripping (SI'S) | 
The scrubbed organic solution is subjected to sttipping 2 
using a nickel spent electrolyte from the nickel] 
electrowinning step containing sulphuric acid ana a 
relatively loir concentration of nickel, resulting in (a) a 
loaded strip liquor containing a high concent ratjlon of 
nickel and a small amount of copper and (b) a 



25 



organic solution containing a very email amount pf nickel 
and copper, vrhich is recycled to the extraction ^tep. 
Ton Exchange (ix) and Slectrotrinning (sw) j 
The loaded strip li<mor froin stripping 2 is subjected to 
an ion excdiange step to remove copper and the eliate from 
the ion exchange step is subjected to nickel j 
electrowixming, result dLng in a high-^grade nickel] metal 
product. The copper Ion exchange and nickel elecirowinning 
are known processes and coimiieralally used in the | minerals 
industry. | 
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Cobalt precipitation (FPT> 

The loaded strip Xic^uor from stripping 1 is subjlcted to 
cobalt precipitation using base or sulphide, resulting in 
sellable products mixed hydroxide product (mhp> ^r mixed 
sulphide product {H3H) . The cobalt precipitation j is a 
knom process and coamnorcially used in the minerils 



gacample 10 - Variation 



on Process of S^icaxnple 9 



cobalt products can be obtained from the loaded 
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zinc and nickel. Tba dofcails of tl»e a«eps are sliLm in 

1 

OOiA loaded strip llquoar froaa strippinsr 1 (selective strip) 
ia tlio.SX circuit 1b sxil^Jeobod to an ion oxclwin^yb step, 
reeulfclnsr in Ca) aa eXuate llizuor containing cobalt and a 
small axaount of nic]e«l, and <b) a wast« Bolutiocnj 
containintr copper and sine for disposal, rails is a Scnown 
process and cammercially used in the minerals ialustry. 
The raffiziate litzuor is subjected to another ion excbaage 
step^ resultinsr la (a) ai desoxptlon solution oon|:aining 
nickel and a small amount of coibalt, wOiich is recycled to 
tlie extraction step, and (b) a pure cobalt solution wbicb 
is dub:]ected to a cobalt recovery step, wbere coj>alt 
catbodes can be obtained by alectrowinninsr or a i-ariety of 
cobalt cbemical products by precipitation as required. 
Tbese are known processes and commercially used fn the 



_ 1 

11 - Second variation on tbe Process of i^^ais^le 9 
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According to this variation, a second solvent extraction 
circuit is used to separate nickel and cobalt witb Cyanex 
272 in a diluent sucb as Shellaol 204 6 • This process is 
represented in a fXowcbart JLn Figure 10. 

After scrubbing (SCI from Figure 2), th^ scrubbed organic 
is subjected to a stripping step using t3w spent 
electrolyte frosii nickel electrowinnlng step to oitain (a) 
a loaded strip li^juor containing nickel, cobalt J copper 
and «inc and (b) a stripped organic solution wbiiib is 
reqycled to tbe extraction step« 

i 

The loaded strip liijuor is «ul>j acted to an extraltion step 
containlnsr only nickel and (i»> a loaded oroanio Solution 



i 
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containlAcr cobalc zinc« cosher and a amalX amoufat: of 

I 

Thtt loaded Qyaneae 272 orgwic eoXut^iou is subjec^od to 
5 sc3na>bln9 wltlx a scrnib solu-tion from tha nex;b atird.ppitig' 
step, r<»fiuXtin9 in (&} a loaded Boxrxh liquoz* conLainxng 
nickel and dome oolmll:, sine and coppar wlidLcli Xb\ ra<7ycled 
t:o tlM extxaction st:epy and (b) a scrubbed orgranjLc 
BOlui;:lon containing cobalt, coppar and siinc. 

7he scrubbed qyanex 272 organic ^solution is subjlootad to 
stripping adtep wil;]i sulpbiiric acid, resulting inia loaded 



15 



strip liquor containing cobalt # snlxia and coppar^ 
stripped organic solution wbicb is recsyclad for 
extraction 



i 



and a 
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The Xoadad strip liq[uor is subjected to an Ion ea^cbemge 
step to reknove copper and zinor resulting in (a) jan eXuate 
8oXut;ion containing only cobalt and a ivaate solutiion 
containing copper and zinc for disposal, 

* 

The pure cobalt sixlpbate solution could be subjected to 
(a) alectrowinning t:o obtiain cobaXt catbodes, or (b) 
precipitation with, a base to obtain cobaXt^ hardro»jider or 
witb hydrogen suXpbide to obt;ain cobalt: suXpbidari or wil^b 
a carbonate soXution to obt;ain cobalt carbonate » | 

T 
t 

BxazopXe X2 ^ S££ec1^ of stabilizer C^onoX) on dogz;|Buiation 

of KydroKsroxime (iiiX63) in Verstaic XQ / ZrZXea sytstam. 

j 

This aauuDipXe shows how addit.ion o£ an anti'^oxidaoiib 

* 

stabilizer (Xonol) sXovrs the rata of degradation bt the 
hydroxyoximB JUlxeiS in tbe Versatlc XO / JjXK63 extLaction 



An organic extractant: solution (25 aOi) coni:aining| 0.4M 
X.X3E63 and 0.5H Versatile XO in SbeXlsoX n70 dlXuani; was 
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loaded wltdj a synthetic leacH solution (50 mL) cUtalniiag 
0.5 ff/L Ca, 9 ff/I. Ha^ 24 Mff, 45 ff/I, Ma^ 0.2 t/L Co, 1 

ST/l. 2n and 0.15 ^/t cu. at pH 4-5 azid left to stknd lix a 
water batH at 25oc, Two «urtber (duplicate) «y»f^, eacH 
contal&insr 10 g/l. Xonol were prepared axhd treatejl 
similarly. After IS days, the organic solution ^as 
sanipled and analysed for 1,1X^3 using gas chromat jgrapby, 
a*he resuXts are sboim in the tahle below. After j 18 days 
in the Xonol-free system, 5.2 % of the E.XX63 had been 

After 18 daya in the diaplxcate systems 
initially containing 10 g/t lonol ^ 0.7% and l.esdof the 
l»TX€3 had been degraded* ] 



10 degraded* 



Table X Oxlme 
solutions as 



J 

concentration in the loaded organic 
of contact time. 



{%) relative to initial coijc ent r a t ion 



(days) 



O 
8 

18 



Versatic 10 

iixxea 



100 «0 
97*0 
94.8 




Vera at Ic 10 -f 
liXXS3 + Zonol 



100,0 
99. € 
99.3 



Vesfsatic 10 ^ 
IiI3|g3 + lonol 



100.0 
99.2 
98,4 



20 



Xt will bo understood to persons skilled in the trt of 
Invention that many anodif ications may be made t^ithout 
departing from the spirit and soope of the invention. 
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